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3 MATERIALS AND METHODS 
3.1 Overview 
This section presented the methodology for the production of flour from the cassava 
roots or tubers. Operating temperature and time for the extraction of enzymatic starch 
by pectinaSe from A. niger were studied. This work focused on the starch recovery after 
the enzymatic treatment. The nutrition analysis was performed to determine the 
moisture, ash, crude protein, crude fat and crude fiber content. 
3.2 Materials and apparatus 
In this work, tubers (roots) of cassava plant are the main raw material. A. niger is used 
to derived the pectinase enzyme which is used during the extraction of cassava starch. 
Apparatus needed for the sample preparation and product analysis are muffle furnace, 
desiccator, oven, blender, Soxhiet extraction unit, condensing column, extraction 
thimble, bottom flask and ultraviolet—visible spectrophotometer. 
3.3 Chemicals 
The chemicals involved in this experimental work were supplied from Sigma-Aldrich 
(i.e., Lowry reagent, sodium hydroxide, sulphuric acid, hexane, Bovine serum albumin, 
yeast extract peptone, glucose and agar) and Merck Malaysia (i.e., Folin-Ciocalteu' s 
Phenol reagent). 
3.4 Raw material preparation 
Cassava roots were bought from the market. Firstly, the cassava roots were peeled and 
washed. The peeled cassava roots were cut into small slices. The cassava slices were 
then dried in the oven at 60°C for 1 day. Lastly, the dried slices were grinded into 
powder by using blender. The raw cassava flour was prepared for multiple analyses. 
3.5 Medium preparation 
Two types of fermentation medium were used throughout this work, i.e., nutrient agar 
(NA), nutrient broth (NB). Nutrient agar plate (NA) was prepared by mixing 2 g of agar, 
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2 g of peptone and I g of yeast extract with 90 ml of distilled water in 250 ml conical 
flask. An aqueous glucose solution was prepared by mixing 2 g of glucose powder with 
10 ml of distilled water in 250 ml conical flask. Both flasks were then covered with 
aluminium foil and autoclaved for 20 min at 121°C. Glucose solution was added to NA 
after sterilisation to avoid Maillard reaction (browning). The medium solution was 
poured into a sterilized petri plate once the temperature dropped below 90°C. The plates 
were left for agar solidification. All plates were closed, sealed and stored in refrigerator 
at 4°C for further use. 
Nutrient broth (NB) was prepared by mixing the same portion of nutrient ingredients 
which are 1 g of yeast extract, 2 g of peptone into 90 ml of distilled water as in NA 
preparation except there was no agar powder added. Solution containing 2 g glucose 
powder and 10 ml of distilled-water was prepared and added to NB after sterilisation. 
The NB solution was thoroughly-mixed before used for experiments. 
3.6 Aspergillus niger 
A. niger obtained from UMP Chemical Laboratory store was used as microorganism for 
the cassava fermentation. The sealed pack instant fungus was stored at -20°C. A 0.5 g of 
fungi used was measured by using analytical balance. 
3.7 Microorganism preparation 
3.7.1 Pure culture preparation 
A. niger culture was prepared by dissolving 0.5 g the fungi powder into NB and 
incubated for 5 days at 30°C to form a fungi suspension. Subsequently, fungi 
suspension was streaked on new agar plate and incubated for 5-7 days at 30°C. The 
strain was kept at 4°C and sub-cultured every month on new NA to maintain the 
continuity of pure culture supply. 
3.7.2 Inoculum preparation and glycerol stock 
About one loop of single colony was transferred from agar plate into 100 ml of sterile 
NB in a conical flask. Strain was incubated for 3 days at 30°C to produce mature spore 
(Nazneen et al., 2011).
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Glycerol stock was prepared by mixing 0.5 ml of sterilized glycerol with 0.5 ml of 
strain into 2 ml vial. Glycerol stock was stored in the refrigerator at -20°C before used 
for fermentation. 
3.8 Fermentation 
One of the glycerol stock containing 0.5 ml of glycerol and 0.5 ml of strain was 
transferred into 100 ml of sterilized NB and incubated at 30°C without shaking for 3 
days. At the end of incubation, the culture medium was centrifuged at 5800 RPM for 20 
mm. The supernatant was discarded and only the precipitate constituted a crude pectin 
enzyme which was used for the starch extraction. 
The 20 g dry weight of raw cassava powder and 100 ml ultra-pure water was prepared 
in each of 250 ml volumetric flask. Both flasks were then covered with aluminium foil 
and autoclaved for 20 min at -121°C. Ultra-pure water was mixed to cassava powder 
after sterilisation. The precipitate was transferred to the cassava solution in 250 ml 
conical flask for fermentation. The solution was prepared for testing the fermentation 
parameter of time and temperature. Then, the conical flasks containing solution which 
covered the opening with aluminium foil and cotton wool were prepared for incubation. 
The flasks were then placed onto incubator platform. The temperature was set at 40°C, 
RPM at 150 and the process was run for different period of time (e.g. 3, 5, 7, 9 hours). 
Next, the sample was centrifuged at 5800 RPM for 20 minutes and the supernatant 
liquid was get rid. The wet form of powder was transferred onto aluminum foil and 
dried in oven at 40°C for for 48 hours. The dried- fermented cassava powder(in solid 
form) was crushed into powdered form using blender before being analyzed for starch 
extracted and equivalent pectin weight using titration method. Best time was chosen and 
the steps were repeated for different temperature (30°C, 40°C, 50°C and 600C). 
3.9 Starch recovery 
In the present study the fermented cassava powder obtained after drying in oven at 40°C 
for 48 hours was referred to as starch recovery (Nandan et al., 2011). The starch 
recovery was determined by following formula: 
Starch recovery (%) [(Weight of dried sample - Weight of sample)! (Weight of 
sample)] x 100	 eq.(1)
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